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Introduction {#sec005}
============

Early identification and treatment of mental health problems in young children can have immediate effects on the child´s quality of life and benefit the child's health in a long-term perspective, as emotional and behavioural problems left undetected tend to become persistent or increase in severity \[[@pone.0206752.ref001], [@pone.0206752.ref002]\]. Identifying children with mental health problems, and addressing these problems early on will also result in socio-economic benefits \[[@pone.0206752.ref003], [@pone.0206752.ref004]\]. Signs of behavioural and emotional problems may be highly situational; thus, a multi-informant approach is considered as the best practice for assessment of behavioural and emotional problems in children \[[@pone.0206752.ref005]\].

In Sweden, Child Health Services (CHS) offer health and developmental checkups at Child Health Centres (CHCs) by public health nurses and general practitioners to all parents with children aged six and under. The routine health checkups are free of charge and occur frequently during the child's first 18 months and become annual visits once the child turns three. Although one of the objectives of the CHS is to detect developmental and mental health problems in children \[[@pone.0206752.ref006]\], evidence-based methods are not used for that purpose at the routine health checkups for 3--5-year-olds. Instead, the clinical assessment relies on parent's description of their children's everyday functioning, and preschool teachers are consulted only if parents express concerns regarding their children. This is so despite that (a) teachers are recognised as an important informant in identifying children with mental health problems \[[@pone.0206752.ref007]\], (b) in Sweden, more than nine out of ten 3--5-year-old children attend preschool \[[@pone.0206752.ref008]\], and (c) the Swedish preschool is characterised by high quality and well-educated staff.

As part of a population-based cluster-randomised trial \[[@pone.0206752.ref009]\] in Uppsala, Sweden, a method of information sharing between CHS, preschool and parents was introduced. The information sharing method was performed using the Strengths and Difficulties Questionnaire (SDQ) \[[@pone.0206752.ref010]\]. SDQ is a well-known instrument for measuring children's mental health, available in both parent- and teacher versions. The SDQ is brief, commonly used internationally and considered to be an instrument with good psychometric properties \[[@pone.0206752.ref010]--[@pone.0206752.ref012]\]. However, psychometric properties are not fixed values but rather measures of the instrument when applied to certain populations for a specific purpose \[[@pone.0206752.ref013], [@pone.0206752.ref014]\]. Previous research has established cross-cultural differences in the reliability of the SDQ \[[@pone.0206752.ref015], [@pone.0206752.ref016]\]. Hence, in order to use the SDQ as a method to identify mental health problems in children at CHCs, the psychometric properties of the SDQ in the specific cultural context and population need to be established. In addition, given that parent and teacher ratings are often inconsistent \[[@pone.0206752.ref005]\], it is crucial to provide clear guidelines regarding how clinicians should deal with conflicting information. In order to develop adequate guidelines, it is necessary to test the relation between the ratings done by different informants in the specific population.

Relations between variables are often studied using two concepts: correlation and agreement. Although related, these concepts reflect different types of association and, thus, require the use of different statistical techniques. Pearson's r measures linear correlation i.e. consistency, between different raters. However, Pearson correlations do not provide information about the extent to which the raters' individual scores actually match. This is because two variables can be highly correlated even when they differ greatly as long as one variable is consistently higher or lower than the other. Agreement analysis, on the other hand, requires both correlation and coincidence of scores. The Intraclass Correlation Coefficient (ICC) is a statistical test of absolute agreement (or consistency) between continuous variables \[[@pone.0206752.ref017]\]. High ICC values indicate that the two variables have very similar values.

A meta-analysis \[[@pone.0206752.ref005]\] by Achenbach et al. (1987) reported fairly low (Pearson product moment) correlations between parent and teacher ratings of children's behavioural and emotional problems (0.28) but higher correlations between parents' ratings (0.60). The meta-analysis calculated the mean inter-rater correlation for 119 studies reporting inter-rater agreement of children's (aged 1.5--19) behavioural and emotional problems. The mean correlations between different types of informants (e.g. parents and teachers) reported by Achenbach et al. (1987) have been re-established in a later meta-analysis by De Los Reyes et al. (2015) \[[@pone.0206752.ref018]\]. This more recent meta-analysis included 341 studies published between 1989 and 2014, reporting estimates of correlation between the reports of different informants on children's (at or under 18 years) mental health. Hence, it is known that correlations between parent and teacher reports on children's behavioural and emotional problems are modest, and findings from community-based studies have indicated that parents and teachers often disagree in their assessments of children's psychosocial problems \[[@pone.0206752.ref019]--[@pone.0206752.ref021]\]. However, the inter-rater correlations for the SDQ between parents and teachers are higher than average values reported for similar questionnaires \[[@pone.0206752.ref010], [@pone.0206752.ref011], [@pone.0206752.ref022]\]. A review \[[@pone.0206752.ref011]\] reported inter-rater correlations for the SDQ between 0.26 and 0.47, where all the subscale correlations except the prosocial scale were higher than the meta-analytic mean reported by Achenbach et al. \[[@pone.0206752.ref005]\] (r = 0.27), and the best correlation was found for the hyperactivity scale.

Multi-informant approach is emphasised when using SDQ to identify mental health problems among children \[[@pone.0206752.ref011], [@pone.0206752.ref023], [@pone.0206752.ref024]\]. However, few studies have evaluated inter-parent agreement on the SDQ \[[@pone.0206752.ref025]\]; moreover, in most studies on SDQ inter-rater agreement, parent scores are either provided by only one parent or have been combined into one parent score in the analyses. This is surprising as previous research on inter-parent agreement suggests that there are differences between mother and father reports on behavioural and emotional problems \[[@pone.0206752.ref025]--[@pone.0206752.ref027]\]. Furthermore, studies on SDQ inter-rater agreement usually only reflect degree of correlation (Pearson/Spearman correlation coefficients), leaving the agreement between measurements unknown. As mentioned before, intraclass correlation coefficient (ICC) is an index reflecting both degree of correlation and agreement between measurements \[[@pone.0206752.ref028], [@pone.0206752.ref029]\]. To the best of our knowledge, ICC has only been used in three studies to measure agreement of the SDQ \[[@pone.0206752.ref030]--[@pone.0206752.ref032]\]. However, in these studies, ICC was calculated only between parent--teacher ratings, i.e. not specifically teacher--father or teacher--mother ratings and also not between parents; in addition, two of the studies were based on the same sample.

Although there is no gold-standard in handling inter-rater discrepancies, evaluation of inter-rater agreement is important in all contexts in which multi-informant approach is used and decisions on how clinicians are to interpret differences in reports of the same child's functioning need to be made. Providing clinicians with research-based knowledge regarding e.g. expected/unexpected levels of informant (dis)agreement for each SDQ subscale could help them to judge the importance of the discrepancies they observe. It is also important to examine agreement between parent and teacher reports regarding their perceived impact of the child's behavioural and emotional problems since this is of crucial importance to clinical decision-making. However, relatively few studies have compared the assessed impact of the problems alongside ratings of psychiatric symptoms in the problem subscales \[[@pone.0206752.ref033]\].

The aim of the present study was therefore to test the inter-rater agreement between parents, and parent and teacher reports, respectively, including impact, using SDQ in 3--5-year-old children visiting CHCs.

Methods {#sec006}
=======

Data collection {#sec007}
---------------

The present study was part of the Children and Parents in Focus trial, a study focusing on preventing behavioural problems in children \[[@pone.0206752.ref009]\]. All parents of 3, 4 and 5-year-old children born between 2008--2011, enrolled at CHCs within Uppsala County, were invited to participate. As part of the trial, parent- and teacher reports of the SDQ were implemented as part of the routine checkup at 3, 4 and 5 years of age. All of the CHCs within Uppsala County were invited to participate in the study the first year: in total, 43 out of 45 CHCs participated. Of 22 CHCs in Uppsala Municipality (invited the second year), 20 participated.

CHC-nurses attached study information, consent form and three sets of SDQ (one for each of the child's legal custodians and one for the teacher) to the invitation letter that parents routinely receive about three weeks prior to their 3--5-year-old children's routine checkup. In the written study information, parents were asked to give the questionnaire to the child's preschool teachers, and teachers were asked to complete the questionnaire and then post it back to the child's CHC-nurse in a prepaid envelope. Parents were asked to complete their questionnaires and return them together with their consent form when attending the child's visit at the CHC. During the checkup, the nurse reviewed the questionnaires.

Translated versions of the study information and the questionnaires were provided in three languages commonly spoken by migrant populations in Sweden: Arabic, Somali and English. Parents who were unable to complete the SDQ in Swedish or any of the mentioned languages were excluded from the trial. The number of informants varied from one to three, since parents were free to decide whether both parents and/or the preschool were to complete the SDQ.

### Sample {#sec008}

The study sample for the present study included 4,469 children 3--5-years old (51.4% boys), born between 2008--2011 who participated in the Children and Parents in Focus trial, and had been assessed by two, and only two (n = 1,509) or all three (n = 2,960) informants. For those children who were present at both the first and second year of the trial, only the first assessment was included in the analyses for the present study, as the second assessment was not an independent observation. The study sample for the present study made up 24.9% of the total number of children in the *county* during the first year of the trial (n = 10,160) and 30.3% of the total number of children in the *municipality* during the second year of the trial (n = 6,419). In total, there were 4,329 SDQ reports from mothers, 3,855 from fathers and 3,714 reports from teachers. Socio-demographic data for the participating children and parents are provided in [Table 1](#pone.0206752.t001){ref-type="table"}. Children with an SDQ report from only one informant (n = 1,167) were excluded for the purposes of this paper.

10.1371/journal.pone.0206752.t001

###### Socio-demographic characteristics of the participating children and parents (n = 4,469).
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                                                        Frequency   Percent
  ----------------------------------------------------- ----------- ---------
  **Child's gender**                                                
      Female                                            2,170       48.6
      Male                                              2,299       51.4
  **Child's age (years)**                                           
      3                                                 1,331       29.8
      4                                                 1,366       30.6
      5                                                 1,772       39.7
  **Living arrangement**                                            
      Original family (child lives with both parents)   3,916       87.6
      Joint physical custody                            234         5.2
      Child lives with one parent                       74          1.7
      Other/No information                              240         5.5
  **Mother\'s country of birth**                                    
      Sweden                                            3,674       87.3
      Other                                             533         12.7
  **Father\'s country of birth**                                    
      Sweden                                            3,304       88.4
      Other                                             435         11.6
  **Mother\'s relationship status**                                 
      Married/cohabiting                                3,973       93.9
      Single                                            260         6.1
  **Father\'s relationship status**                                 
      Married/cohabiting                                3,614       96.1
      Single                                            148         3.9
  **Mother\'s education**                                           
      Secondary school                                  96          2.3
      High school                                       1,089       26.2
      University                                        2,975       71.5
  **Father\'s education**                                           
      Secondary school                                  119         3.2
      High school                                       1,326       35.9
      University                                        2,247       60.9

### Ethics {#sec009}

The trial was approved by the Regional Ethical Review Board in Uppsala (Dnr 2012/437). The parents were provided with written study information sheets together with the questionnaires, and the parents or legal guardians of all participating children provided written informed consent on behalf of their children.

### The strengths and difficulties questionnaire {#sec010}

The SDQ is a valid instrument for identification of mental health problems in community-based samples \[[@pone.0206752.ref034]--[@pone.0206752.ref037]\]. The questionnaire takes about five to ten minutes to complete and is available for 3--16-year-olds. The validity of the Swedish version of the SDQ (SDQ-Swe) has been assessed in 5--15-year-old children \[[@pone.0206752.ref012]\], and norms for parent reports are available for 6--10-year-olds \[[@pone.0206752.ref038]\]. Data (means, standard deviations and 90th/10th percentile) from a norming study on Swedish 2--5-year-olds have been presented \[[@pone.0206752.ref039]\], but not yet published.

The SDQ consists of 25 items classified into five subscales, consisting of four problem subscales (emotional symptoms, conduct problems, hyperactivity/inattention and peer problems) and one subscale on prosocial behaviour \[[@pone.0206752.ref010]\]. Each subscale consists of five items scored on a 3-point Likert scale with 0 = not true, 1 = somewhat true and 2 = certainly true. Subscale scores range between 0 and 10, while the total difficulties score from the four problem subscales (total difficulties score) ranges between 0 and 40.

SDQ is also available in versions with an impact supplement \[[@pone.0206752.ref040]\], which comprises eight items capturing perceived difficulties: chronicity, overall distress, social impairment and burden. The impact supplement provides information central to clinical decision-making in current diagnostic classification systems \[[@pone.0206752.ref010], [@pone.0206752.ref041]\]. In the present study, the impact supplement's first item was used as a supplementary measure. The first item is the only impact item included in the teacher SDQs administered in the present study. Hence, for evaluating inter-rater agreement, impact scores could only be generated from this specific question. The item asks whether the informant (parent or teacher) thinks that the child has difficulties in one or more of the subscale areas, and is scored on a 4-point Likert scale with 0 = no; 1 = Yes, minor difficulties; 2 = Yes, definite difficulties; and 3 = Yes, severe difficulties. According to Goodman \[[@pone.0206752.ref040]\], it makes no sense to ask informants about chronicity, distress, impairment or burden when they perceive no difficulties. In those cases, informants are told to leave out the other items, which are subsequently coded as zero. This supports the use of only the first impact question when SDQ is used in a community sample where most children are healthy and a brief measure is often prioritised. This is also why the impact score was dichotomised by classifying children rated with 0 = not case and 1, 2, 3 = case.

The preschool representatives did not approve the wording in all SDQ items. Thus, in order to use SDQ-Swe in the context of preschools, minor modifications in the wording of three items had to be made ([Table 2](#pone.0206752.t002){ref-type="table"}). Research has shown that even seemingly minor changes to structured instruments may have large effect on mean scores \[[@pone.0206752.ref042]\]. However, the need to modify interventions to fit the host setting is a critical step in implementation \[[@pone.0206752.ref043]\] and without the item modifications using the SDQ in the preschool context would have been impossible. Construct validity was assessed using confirmatory factor analysis, and results showed good fit for all informants \[[@pone.0206752.ref044]\]. This indicates that the factor structure of the modified SDQ is comparable to the original version.

10.1371/journal.pone.0206752.t002

###### Modification of items in SDQ-Swe.
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  Item     Standard SDQ item                                                    Modified SDQ item
  -------- -------------------------------------------------------------------- ---------------------------------------------------
  **7**    Generally obedient, usually does what adults request                 Usually does what adults request
           Som regel lydig, följer vanligtvis vuxnas uppmaningar (In Swedish)   Följer vanligtvis vuxnas uppmaningar (In Swedish)
  **17**   Kind to younger children                                             Considerate of younger children
           Snäll mot yngre barn (In Swedish)                                    Omtänksam mot yngre barn (In Swedish)
  **22**   Can be spiteful to others                                            Can behave spitefully to others
           Kan vara elak mot andra (In Swedish)                                 Kan bete sig illa mot andra (In Swedish)

### Outcome variables {#sec011}

The main outcome variables in the present study were the SDQ score at subscale level, the total difficulties score (continuous variables) plus a dichotomisation of the impact item (coded either 0 or 1). Missing data were handled in concordance with the guidelines recommended by the SDQ developers (sdqinfo.com). Accordingly, if only one or two items were missing in a subscale, the subscale score was generated by scaling up pro-rata, and if three or more items in a subscale were missing then that subscale was excluded.

Statistical analyses {#sec012}
--------------------

Means and standard deviations were calculated to summarise the SDQ scores reported by parents and teachers. One-way repeated measures ANOVAs were performed to analyse differences between parent and teacher mean scores for each of the five subscales and for the total difficulties. In these analyses, we also examined the magnitude of the effect sizes using Partial Eta Squared (η^2^~*p*~). The effect sizes were interpreted using the cut-offs presented by Cohen in 1988 \[[@pone.0206752.ref045]\] where η^2^~*p*~ = .01, .06, and .14 represent small, medium and large effect sizes respectively.

To evaluate the inter-rater agreement, two different approaches were used:

1.  Pearson correlations---to enable comparisons with the meta-analytic mean \[[@pone.0206752.ref005]\] reported by Achenbach et al. (1987), as well as other published studies.

2.  Intraclass correlation coefficients (ICC)---to complement the Pearson correlation analyses by reflecting both degree of correlation and agreement between measurements.

Inter-rater agreement (between mothers and fathers, mothers and teachers, fathers and teachers) based on continuous scores, was examined by Pearson's correlation coefficient. The level of agreement of the SDQ ratings was evaluated in all subscales and on the total difficulties score. Pearson's parametric test was used, although there were deviations from the normal distribution in the data for all subscales (Shapiro-Wilk test, *p* \< 0.01; W = 0.549--0.945), as the meta-analytic mean reported by Achenbach et al. \[[@pone.0206752.ref005]\] was based on Pearson's correlations. The pattern of the findings was the same when Spearman nonparametric correlations were used. Hence, we used Pearson's correlations throughout the study to allow for comparability with the Achenbach study.

Intraclass correlation coefficients (ICCs) were determined to study the inter-rater agreement at subscale and total scale level (continuous) and on the SDQ impact score (dichotomised scores). The two-way random average measures form for ICC was used, as it is recommended for evaluating rater-based clinical assessment methods \[[@pone.0206752.ref028]\]. Absolute agreement was selected when calculating the ICC. The level of agreement is preferable evaluated by the ICC estimate's 95% confidence interval \[[@pone.0206752.ref028]\]. According to often cited guidelines \[[@pone.0206752.ref046]\], the following classification of ICC values were used: ICC values \< 0.40 = poor agreement, values between 0.40 and 0.59 = fair agreement, values between 0.60 and 0.74 = good agreement, and values \> 0.75 = excellent agreement.

The Fisher's z' transformation \[[@pone.0206752.ref047]\] was used to test the significance of the difference between the correlation coefficients. Correlations computed between different informants were compared to each other as well as to the values reported by Achenbach et al. (1987). The p-value was set at 0.001, considering the large sample size. Data were analysed using SPSS version 22 \[[@pone.0206752.ref048]\].

Results {#sec013}
=======

Descriptive overview {#sec014}
--------------------

The parents in the attained sample were more likely to have been born in Sweden, cohabiting and also had higher education level compared to the target population in Uppsala Municipality (*p* \< 0.001 for all). The mean SDQ scores for parent and teacher SDQ scores are presented in [Table 3](#pone.0206752.t003){ref-type="table"}. One-way repeated measures ANOVAs showed that mothers generally reported significantly lower levels of problems compared to fathers, and teachers generally reported significantly lower levels of problems compared to both mothers and fathers. However, while effect sizes were mostly small for differences between mothers and fathers, for the differences between teachers and parents, effect sizes were large for total difficulties as well as two of the subscales (emotional symptoms and conduct problems).

10.1371/journal.pone.0206752.t003

###### Mean scores, standard deviations and effect sizes for mother, father and teacher ratings of 3-, 4-, and 5--year old children.
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  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                            Mother and father ratings (n = 3,712)   Mother and teacher ratings (n = 3,574)   Father and teacher ratings (n = 3,100)                                                                                       
  ------------------------- --------------------------------------- ---------------------------------------- ---------------------------------------- ------ ------------- ------------- ------ ------ ------------- ------------- ------ ------
  **Emotional symptoms**    1.09\                                   1.13\                                    .056                                     .001   1.12\         0.52\         .000   .136   1.13\         0.50\         .000   .153
                            (1.31)                                  (1.28)                                                                                   (1.35)        (1.02)                      (1.29)        (1.00)               

  **Conduct problems**      1.89\                                   2.07\                                    .000                                     .012   1.92\         0.98\         .000   .195   2.06\         0.97\         .000   .230
                            (1.68)                                  (1.71)                                                                                   (1.70)        (1.55)                      (1.71)        (1.52)               

  **Hyperactivity**         2.01 (2.00)                             2.24 (1.99)                              .000                                     .016   2.04 (2.01)   1.68 (2.20)   .000   .023   2.25 (1.98)   1.63 (2.17)   .000   .059

  **Peer problems**         0.70 (1.14)                             0.84 (1.18)                              .000                                     .016   0.70 (1.16)   0.52 (1.09)   .000   .019   0.83 (1.19)   0.50 (1.05)   .000   .058

  **Prosocial behaviour**   8.29 (1.71)                             8.07 (1.73)                              .000                                     .017   8.27 (1.72)   8.16 (2.12)   .005   .002   8.07 (1.72)   8.20 (2.10)   .004   .003

  **Total difficulties**    5.68 (4.16)                             6.27 (4.24)                              .000                                     .026   5.77 (4.27)   3.70 (4.20)   .000   .160   6.27 (4.27)   3.60 (4.13)   .000   .219
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SDQ = Strengths and Difficulties Questionnaire. P values show the Wilks' Lambda, effect sizes show the Partial Eta Squared (η^2^~*p*~). Magnitude of η^2^~*p*~: .01 = small, .06 = medium, and .14 = large

Inter-rater agreement {#sec015}
---------------------

Inter-rater correlations (Pearson's correlation coefficient) between mother, father and teacher SDQ reports, at subscale level and total difficulties score, are presented in [Table 4](#pone.0206752.t004){ref-type="table"}. Values for the inter-rater agreement (Intraclass correlation coefficients, ICC) between mother, father and teacher SDQ reports, at subscale level and total difficulties score and on the dichotomised impact item are presented in [Table 5](#pone.0206752.t005){ref-type="table"}. The ICCs between parent and teacher ratings are also presented by age in [Table 6](#pone.0206752.t006){ref-type="table"}, and by gender in [Table 7](#pone.0206752.t007){ref-type="table"}. The confidence intervals indicate that ICCs are generally similar across child age and gender. Correlations (Pearson and ICC) were statistically significant (*p* \< 0.001) for all scales.

10.1371/journal.pone.0206752.t004

###### Pearson inter-rater correlations for SDQ scores.
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  ------------------------------------------------------------------------------------------------------------------------------
  SDQ scales                                                    Mother and father\   Mother and teacher\   Father and teacher\
                                                                (n = 3,712)          (n = 3,574)           (n = 3,100)
  ------------------------------------------------------------- -------------------- --------------------- ---------------------
  **Emotional symptoms**                                        .53 (.52)            .22 (.21)             .18 (.16)

  **Conduct problems**                                          .57 (.56)            .32 (.28)             .25 (.23)

  **Hyperactivity**                                             .61 (.55)            .40 (.34)             .32 (.27)

  **Peer problems**                                             .51 (.46)            .32 (.25)             .30 (.23)

  **Prosocial behaviour**                                       .53 (.52)            .27 (.25)             .21 (.19)

  **Total difficulties**                                        .62 (.60)            .37 (.31)             .28 (.26)

  **Meta-analytic mean**[\*](#t004fn002){ref-type="table-fn"}   0.60                 0.27                  0.27
  ------------------------------------------------------------------------------------------------------------------------------

SDQ = Strengths and Difficulties Questionnaire. Spearman correlations are given in parenthesis. All correlations significant at the 0.001 level

\* From the meta-analysis conducted by Achenbach et al. (1987)

10.1371/journal.pone.0206752.t005

###### Inter-rater agreement for SDQ scores.
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                                                    Mother and father ratings (n = 3,712)   Mother and teacher ratings (n = 3,574)   Father and teacher ratings (n = 3,100)                                 
  ------------------------------------------------- --------------------------------------- ---------------------------------------- ---------------------------------------- ----- ----- ----- ----- ----- -----
  **Emotional symptoms**                            .69                                     .67                                      .71                                      .32   .22   .41   .26   .16   .35
  **Conduct problems**                              .73                                     .71                                      .74                                      .43   .27   .55   .34   .16   .46
  **Hyperactivity**                                 .75                                     .73                                      .77                                      .56   .53   .59   .46   .41   .52
  **Peer problems**                                 .67                                     .65                                      .70                                      .48   .44   .51   .44   .38   .49
  **Prosocial behaviour**                           .69                                     .67                                      .71                                      .42   .37   .45   .34   .29   .38
  **Total difficulties**                            .76                                     .74                                      .78                                      .50   .36   .60   .38   .21   .51
  **Impact**[\*](#t005fn002){ref-type="table-fn"}   .68                                     .67                                      .71                                      .42   .38   .46   .37   .32   .41

ICC = Intraclass correlation coefficients. All correlations significant at *P* \< 0.001. Results of ICC are calculated using absolute agreement, two-way random-effects model. Interpretations of ICC values: values \< 0.40 = poor agreement, values between 0.40 and 0.59 = fair agreement, values between 0.60 and 0.74 = good agreement, values \> 0.75 = excellent agreement

\* = Assessed with a single question

10.1371/journal.pone.0206752.t006

###### Inter-rater agreement for SDQ scores by child age.
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  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                    Mother and father ratings   Mother and teacher ratings   Father and teacher ratings                                                                       
  ------------------------------------------------- --------------------------- ---------------------------- ---------------------------- ------------- ------------- ----------- ------------- ------------- -----------
  **Emotional symptoms**                            .72\                        .65\                         .71\                         .27\          .32\          .35\        .19\          .33\          .26\
                                                    (.68-.75)                   (.60-.69)                    (.67-.73)                    (.17-.36)     (.20-.42)     (.21-.46)   (.08-.29)     (.20-.43)     (.13-.37)

  **Conduct problems**                              .69\                        .71\                         .74\                         .37\          .41\          .47\        .26\          .29\          .40\
                                                    (.645-.723)                 (.67-.74)                    (.716-.769)                  (.18-.51)     (.23-.53)     (.33-.58)   (.056-.413)   (.132-.414)   (.23-.53)

  **Hyperactivity**                                 .76\                        .73\                         .75\                         .51\          .57\          .57\        .41\          .50\          .45\
                                                    (.726-.788)                 (.69-.76)                    (.725-.78)                   (.45-.57)     (.51-.62)     (.52-.61)   (.32-.49)     (.42-.56)     (.37-.52)

  **Peer problems**                                 .65\                        .66\                         .69\                         .48\          .53\          .39\        .48\          .42\          .38\
                                                    (.607-.694)                 (.611-.694)                  (.66-.72)                    (.41-.54)     (.47-.59)     (.32-.45)   (.38-.55)     (.34-.50)     (.30-.45)

  **Prosocial behaviour**                           .68\                        .67\                         .69\                         .35\          .35\          .47\        .27\          .31\          .33\
                                                    (.638-.720)                 (.626-.706)                  (.651-.718)                  (.268-.428)   (.265-.421)   (.41-.52)   (.17-.36)     (.22-.40)     (.25-.40)

  **Total difficulties**                            .76\                        .72\                         .78\                         .43\          .51\          .51\        .33\          .38\          .39\
                                                    (.72-.79)                   (.69-.75)                    (.76-.72)                    (.29-.54)     (.35-.62)     (.38-.61)   (.13-.47)     (.22-.51)     (.20-.52)

  **Impact**[\*](#t006fn002){ref-type="table-fn"}   .65\                        .69\                         .70\                         .39\          .43\          .43\        .29\          .38\          .40\
                                                    (.61-.69)                   (.65-.73)                    (.67-.73)                    (.31-.46)     (.35-.50)     (.37-.49)   (.19-.39)     (.29-.46)     (.33-.47)
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ICC = Intraclass correlation coefficients. All correlations significant at *P*\< 0.001. Results of ICC are calculated using absolute agreement, two-way random-effects model. Interpretations of ICC values: Values \< 0.40 = poor agreement, values between 0.40 and 0.59 = fair agreement, values between 0.60 and 0.74 = good agreement, values \> 0.75 = excellent agreement

\* = Assessed with a single question

10.1371/journal.pone.0206752.t007

###### Inter-rater agreement for SDQ scores by child gender.
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  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                    Mother and father ratings   Mother and teacher ratings   Father and teacher ratings                           
  ------------------------------------------------- --------------------------- ---------------------------- ---------------------------- ----------- ----------- -----------
  **Emotional symptoms**                            .70\                        .68\                         .31\                         .34\        .24\        .28\
                                                    (.67-.73)                   (.65-.71)                    (.21-.40)                    (.22-.43)   (.13-.34)   (.17-.38)

  **Conduct problems**                              .74\                        .70\                         .45\                         .39\        .35\        .30\
                                                    (.72-.76)                   (.67-.73)                    (.31-.56)                    (.19-.52)   (.20-.47)   (.11-.45)

  **Hyperactivity**                                 .76\                        .73\                         .58\                         .50\        .52\        .35\
                                                    (.74-.78)                   (.71-.76)                    (.54-.62)                    (.43-.56)   (.46-.56)   (.25-.43)

  **Peer problems**                                 .71\                        .61\                         .51\                         .40\        .50\        .33\
                                                    (.68-.74)                   (.57-.65)                    (.47-.56)                    (.34-.45)   (.43-.56)   (.25-.40)

  **Prosocial behaviour**                           .68\                        .68\                         .41\                         .36\        .33\        .28\
                                                    (.65-.71)                   (.64-.71)                    (.35-.46)                    (.30-.42)   (.26-.40)   (.20-.34)

  **Total difficulties**                            .78\                        .73\                         .52\                         .44\        .41\        .31\
                                                    (.76-.80)                   (.70-.76)                    (.42-.60)                    (.24-.57)   (.26-.53)   (.11-.45)

  **Impact**[\*](#t007fn002){ref-type="table-fn"}   .69\                        .67\                         .46\                         .32\        .43\        .22\
                                                    (.66-.72)                   (.64-.70)                    (.40-.51)                    (.25-.39)   (.37-.49)   (.14-.30)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ICC = Intraclass correlation coefficients. All correlations significant at *P*\< 0.001. Results of ICC are calculated using absolute agreement, two-way random-effects model. Interpretations of ICC values: Values \< 0.40 = poor agreement, values between 0.40 and 0.59 = fair agreement, values between 0.60 and 0.74 = good agreement, values \> 0.75 = excellent agreement

\* = Assessed with a single question

### Agreement between mother and father ratings {#sec016}

The highest ICC and Pearson's correlations were found for the total difficulties scale, the hyperactivity scale and the conduct scale. The lowest ICC and Pearson's correlations were found for the peer problem scale and the prosocial scale.

The Fisher's z' transformation \[[@pone.0206752.ref047]\] showed that correlations for the hyperactivity, conduct and total difficulties scale were comparable to the meta analytic mean of 0.60 \[[@pone.0206752.ref005]\], whereas the correlation coefficients for the other subscales were somewhat lower (*p* \< 0.001). The total difficulties scale had the highest inter-parent ICC estimate (0.76), indicating excellent agreement. The ICC values for the other subscales and the impact question were good.

### Agreement between parent and teacher ratings {#sec017}

The highest ICC and Pearson's correlations were found for the hyperactivity scale and for the peer problems scale, whereas the correlations for the emotional symptom scale were the lowest. Pearson's correlation coefficients between father and teacher ratings were lower (*p* \< 0.001) than the meta-analytic mean of 0.27 for the emotional and the prosocial scale, whereas the correlations were comparable for the other subscales and for the total difficulties score. Pearson's correlation coefficients between mother and teacher ratings were higher (*p* \< 0.001) than the meta-analytic mean of 0.27 in the hyperactivity scale and the total difficulties score, whereas the correlations were comparable for the other subscales.

The Fisher r-to-z transformation showed that for the total scale as well as all the subscales, the ICC estimates between mother and father ratings were significantly higher compared to the ICC values between parent and teacher ratings (*p* \< 0.001). ICCs between mother and teacher ratings were significantly higher than those between father and teacher ratings only for the total score and two of the subscales: conduct and hyperactivity (*p* \< 0.001). The lowest ICC estimates were found between father and teacher ratings. ICC values for the impact score followed the same pattern, with the highest agreement between mother and father ratings, and the lowest between father and teacher ratings. ICC estimates between mother and teacher ratings were predominantly fair, whereas ICC estimates between father and teacher ratings were predominantly poor.

Discussion {#sec018}
==========

Methods for identifying children with mental health problems often rely on caregiver's reports on the child's functioning. Since children's behaviour is heavily dependent on the setting \[[@pone.0206752.ref005], [@pone.0206752.ref049]\], assessments of children should be gathered from multiple informants who observe the child in different contexts. However, low inter-rater agreement \[[@pone.0206752.ref005], [@pone.0206752.ref011], [@pone.0206752.ref030], [@pone.0206752.ref050]\] makes it difficult to perform the clinical assessment based on multiple informants. The aim of the present study was to examine the patterns of inter-rater agreement between parent and teacher SDQ reports of 3--5-year-old children visiting the CHC. Results showed fair or poor agreement between parent and teacher ratings and predominantly good agreement between mother and father ratings. Thus, the findings are consistent with the literature showing low, albeit significant, correlations between parent and teacher reports and higher agreement between mother and father reports.

Low inter-rater agreement is sometimes associated with poor reliability. However, SDQ has shown adequate test-retest reliability and satisfactory internal consistency of the total scales for 4--12-year-olds \[[@pone.0206752.ref011]\]. Thus, low rates of agreement between informants on SDQ do not necessarily reflect low reliability, but are more likely to be due to children' situation-specific behaviour \[[@pone.0206752.ref005]\] and informants' different standards of judgements. Therefore, the goal when using a structured assessment tool to assess children's mental health through parent and preschool teacher reports is not to achieve perfect agreement between parent and teacher reports, but rather to get access to their different perspectives.

In the present study, Pearson's and ICC correlations revealed a pattern of agreement for the subscales, wherein the highest correlations between parents and teachers were found for the hyperactivity and peer problem scale. The highest correlations between mothers and fathers were found for the hyperactivity and conduct scales. This pattern compares favourably with the inter-rater agreement correlations reported in a review by Stone et al. \[[@pone.0206752.ref011]\] as well as with the inter-parent agreement correlations reported in a study by Davé et al. \[[@pone.0206752.ref026]\].

Our results indicated different levels of agreement between internalising and externalising behaviours. This finding is consistent with previous research on SDQ \[[@pone.0206752.ref026], [@pone.0206752.ref027]\]. Correlations between parent and teacher ratings were highest for the hyperactivity scale. This finding is also in line with a study reporting inter-rater correlations between parents and teachers in a community sample of children aged 5--6 in the Netherlands \[[@pone.0206752.ref030], [@pone.0206752.ref032]\] and a similar study in Finland \[[@pone.0206752.ref016]\]. Correlations between parent and teacher ratings were lowest for the emotional problem and prosocial scale, which compares favourably with the inter-rater correlations reported in a review by Stone et al. \[[@pone.0206752.ref011]\]. A possible explanation for the different levels of agreement is that emotional problems might be more difficult to observe and more influenced by the setting compared to externalising behaviour \[[@pone.0206752.ref051]\].

The lowest inter-parent correlation was found for the peer problem scale. This finding is in contrast to the findings in a previous study, showing the strongest inter-parent agreement for the peer problem scale \[[@pone.0206752.ref025]\]. However, in other studies, estimates for the inter-parent agreement for the peer problem scale did not stand out as either the highest or the lowest \[[@pone.0206752.ref011], [@pone.0206752.ref026]\]. The correlation between teacher and parent reports was relatively high for this subscale in our sample. This is not surprising because, given that most Swedish children attend preschool for most part of the day, it is expected that teachers have ample opportunities to observe the child's peer relationships.

Notable was the finding that the agreement between father and teacher ratings for conduct, hyperactivity and total difficulties was lower (*p* \< 0.001) than the agreement between mother and teacher ratings of these scales. The correlations for mother and teacher ratings were closer to the parent---teacher correlations reported in the Stone review \[[@pone.0206752.ref011]\]. Father and teacher ratings, on the other hand, were significantly lower (*p* \< 0.001) than the correlations reported in the review \[[@pone.0206752.ref011]\] (0.26--0.47), except for the peer problems and the prosocial scale. Furthermore, correlations between mother and teacher ratings in our study were predominantly higher (*p* \< 0.001) or equal to the meta-analytic mean of 0.27 \[[@pone.0206752.ref005]\], while the correlations between father and teacher ratings were predominately lower (*p* \< 0.001) or equal to the meta-analytic mean \[[@pone.0206752.ref005]\]. This is not all that surprising as much of the research conducted on young children uses mothers as informants \[[@pone.0206752.ref052]--[@pone.0206752.ref054]\]. Thus, most instruments have been developed and standardised for mothers, sometimes leading to problems when using the instrument with fathers \[[@pone.0206752.ref052]--[@pone.0206752.ref054]\]. The somewhat lower correlations between father and teacher ratings compared to mother and teacher ratings are in accordance with the results in a previous study on inter-rater agreement of behaviour problems in young children, showing higher correlations (r = 0.19) when data were analysed without fathers than with fathers (r = 0.17). This, however, does not mean that fathers are less reliable as informants but probably reflects the lack of fathers as informants in the literature \[[@pone.0206752.ref052]--[@pone.0206752.ref054]\]. It might also reflect differing parent roles where mothers might have more contact with the preschool teachers or spend more time with the child \[[@pone.0206752.ref055]\], especially when the child is young.

In the present study, teachers were found to report lower levels of problems compared to both mothers and fathers. In fact, large effect sizes were found between teachers and parents for total difficulties as well as for two of the subscales (emotional symptoms and conduct problems). Findings in a study on teachers' perspectives on using SDQ in the Swedish preschool setting \[[@pone.0206752.ref056]\] indicate that the use of structured behavioural assessment tools is highly controversial and that teachers are worried about parents' reactions and express fear of labelling the child. Consequently, the possibility of teachers underreporting children's behavioural and emotional problems cannot be excluded in the present study. The finding that teacher's mean scores were lower than parent's mean scores is in accordance with a previous study on a sample of normally-developing preschool children in the United States, suggesting that parents report behaviour and emotional problems more frequently than teachers \[[@pone.0206752.ref057]\]. A study by Brown et al. \[[@pone.0206752.ref058]\] found that parents of 5--10-year-old children reported a higher proportion of children with conduct problems, but that teachers reported more attention problems than parents. Furthermore, they concluded that gathering teacher ratings increases the number of children needing further evaluation, as agreement on individual children was rather low and single-source information would have led to fewer children with problems being identified.

The present study is part of a comprehensive evaluation of the information sharing, using the SDQ and mainly covers the inter-rater agreement of the method. The first item is the only impact item included in teacher SDQs administered. Hence, for evaluating inter-rater agreement, impact scores could only be generated from this specific question. The ICC estimate for the impact item indicated poor/fair agreement between parent and teacher ratings, while the ICC between mother and father ratings indicated good agreement. In a recent study, SDQs impact supplement (five items) was measured alongside symptoms in children \[[@pone.0206752.ref041]\]. The results suggest that parent- and teacher-reported impact is a strong predictor of the probability of contact with psychiatric services after 3 years, independent of baseline symptoms \[[@pone.0206752.ref041]\]. Another reason to measure impact, in addition to symptoms, is that combining the measures might strengthen the complete assessment and lead to valuable discussions between the nurses, parents and teachers.

The sample for the present study was drawn from a trial in which all parents of 3, 4 and 5-year-old children, enrolled at the participating CHCs, were invited to participate. Although the sampling framework catered for a demographically diverse population, the attained sample was not representative of the Swedish population. Participating parents were predominately highly educated, cohabiting and born in Sweden. Thus, our findings cannot be generalised to socio-economically disadvantaged populations. Previous research has indicated that parent-reported behaviour problems correlate with the parent's level of stress \[[@pone.0206752.ref051], [@pone.0206752.ref059]\] and depression \[[@pone.0206752.ref050], [@pone.0206752.ref060], [@pone.0206752.ref061]\] and also with low parental education \[[@pone.0206752.ref030], [@pone.0206752.ref062], [@pone.0206752.ref063]\]. Furthermore, associations between socio-economic status, as indicated by education and income, and depression have been established \[[@pone.0206752.ref064]\]. Differences in education might also have influenced the understanding of the SDQ items. Theoretically, inter-rater agreement in the present study might therefore have been affected by sample characteristics. However, when ICC values were calculated for subgroups of children with parents born outside Sweden, parents not cohabiting and parents without university education, the pattern of correlations were similar to the total sample.

Both parents and teachers who participated in the trial, from which the sample was drawn, had concerns about labelling the child \[[@pone.0206752.ref056]\]. The questionnaires were used as part of the CHS-routine programme and were therefore not anonymous. This means that the SDQ scores gathered from the parent and teacher reports might have been inadequately low if the informants wanted to avoid stigmatising the child \[[@pone.0206752.ref056]\], which in turn might have influenced the inter-rater correlations.

The large sample of 3--5-year-olds rated by two or three raters is a strength of the study. A limitation of the study is that Swedish norms for teacher ratings are missing, and although norms for parent ratings are available, they are based on a small sample and not yet published in a peer-reviewed journal. We were therefore unable to evaluate discrepancies in the different informant's ratings, above cut offs adequate for the context. Also, only one of the items from SDQs impact supplement was administered to teachers. Thus, opportunities to test agreement were limited.

The results from the present study can be used as guidance when deciding whether to obtain reports on a child's emotional and behavioural functioning from both parents and the child's preschool teachers. Our results suggest that parents and teachers each provide unique information. However, the results indicate that mother and father reports correlate reasonably and that although inter-parent correlations for the subscales were only good, the total difficulties scale had an ICC estimate of 0.76, indicating excellent agreement.

Conflicting reports have important implications for the nurses' clinical assessment, and to make sense of the discrepant information nurses must consider the situational demands that different settings place on the child. This is a complex process and providing guidelines presenting calculated intervals of expected parent-teacher (dis)agreement for each subscale might facilitate the nurse's assessment by making it clearer when and in which subscales the agreement is lower than expected. Nurses should e.g. be aware that higher agreement is expected for the hyperactivity and the peer problem scale, which implies that conflicting reports in these subscales warrant extra attention. The guidelines should also include information about factors that might influence the level of agreement e.g. parent's gender, parental depression or stress, since such information could be of crucial importance for the nurse's assessment.

Future research should try to ascertain the reasons as to why the agreement between father and teacher ratings are somewhat lower compared to the agreement between mother and teacher ratings e.g. by matching the reporting parent and teacher by gender.

Conclusions {#sec019}
===========

The main findings of this study confirmed low, albeit significant, inter-rater agreement between parents' and teachers' SDQ ratings. This suggests that correlation alone is not sufficient to judge agreement between different informants. Instead, information from both parents and teachers should be considered when using the SDQ as a method to identify mental health problems in preschool children. However, this also means that clinicians should be comprehensively informed about how to handle the issue of potentially conflicting or incongruent information. The results of this study can be used to provide nurses with guidelines presenting calculated intervals of expected parent-teacher (dis)agreement for each subscale, which may facilitate the nurses' assessment by making it clearer when and in which subscales the agreement is lower than expected.

Although mothers and fathers each provide unique information about their child's behaviour, and separate reports should be obtained whenever possible, good inter-parent agreement indicates that a single parent informant may be sufficient if facilitating data collection needs to be prioritised.
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